I N T RO D U C T I O N
Spider crabs, Pisoides bidentatus (A. Milne-Edwards, 1873) (family Pisidae) and Pugettia quadridens (de Haan, 1839) (family Epialtidae), are two coastal species of the superfamily Majoidea inhabiting Russian waters of the Sea of Japan (Vinogradov, 1950) . Pisoides bidentatus is known from Tatar Strait up to Peter the Great Bay and from the northern Japan, on sandy-silt soil, subtidal down to 60 m (Vinogradov, 1950; Levin, 1976) . The larvae of both species occur in the plankton in summer simultaneously. Zoea and megalopa of P. quadridens are already described (Ko and Hwang, 1997; Ko, 1998; Kornienko and Korn, 2004) , while the morphological characters of larvae of P. bidentatus are unknown. The larval development of only two Pisoides species, P. edwardsi (Fagetti, 1969) and P. ortmanni (Kurata, 1969; Terada, 1983) , have been described. The larvae of P. ortmanni are briefly known from plankton records (Kurata, 1969; Terada, 1983) ; the larvae of P. edwardsi are illustrated in detail from laboratory reared material (Fagetti, 1969) .
The aim of this study is to describe the larval stages of P. bidentatus from laboratory reared material and provide a comparison of zoea and megalopa of this species with the larvae of the related crab, P. quadridens, and with other Pisoides species. Zoea of more deepwater spider crabs, Hyas coarctatus ursinus and Chionoecetes opilio (family Oregonidae), also inhabiting Russian water of the Sea of Japan, are clearly distinguishable from the examined species in having long carapace lateral spines and long abdominal posterolateral spines (Pohle, 1991) . The new evidence from this work may be used to reappraise the classification of pisids and epialtids.
The female crabs were fed with molluscs every second day, and the seawater was changed daily. After hatching, larvae were concentrated at the edge of aquarium using a point-light source and transferred to 1-L glass vessels with filtered and UV-sterilized seawater and reared at a temperature of 20-228C and a salinity of 32. The density of the larvae was about 100 specimens L
21
. The larvae were fed newly hatched nauplii of Artemia salina. The water in the vessels was changed daily.
The larvae of each stage were fixed in 4% formaldehyde for light microscopic studies. The chromatophore pattern was determined by observing of live larvae. Fixed larvae were dissected under a MBS-10 stereomicroscope using fine entomological needles. The outlines of the larvae and their appendages at the different developmental stages were drawn using a camera lucida attached to a binocular Ergaval microscope (Carl Zeiss Jena). Respective measurements were made with an ocular micrometer. Methods of measurements, descriptions of setal arrangements and terminology followed that of Clark et al. (Clark et al., 1998) and Konishi and Shikatani (Konishi and Shikatani, 1998) . The carapace length (CL) of zoea and megalopa was measured from the base of rostral spine to the posterior midpoint of the carapace, dorsorostral length (DRL) of zoea was measured as a distance between tips of dorsal and rostral spines. The numbering of the telsonal posterior setae followed that of Pike and Williamson (Pike and Williamson, 1960) . The setal arrangements are listed from endopod to exopod, from proximal to distal segments, and from anterior to posterior abdominal somites.
Specimens of all larval stages and the spent female have been deposited in the Museum of the Institute of Marine Biology, Russian Academy of Sciences, Vladivostok (16634).
The seasonal occurrence of larvae in the plankton was studied using the materials of plankton surveys performed in Vostok Bay from May to November 2002. The plankton samples were collected at nine stations with a NORPAC net with a ring diameter of 40 cm and a filtering cone made of a 168 mm mesh. Two samples were taken across the entire water column, from bottom to surface, and the water temperature was measured at the surface. The plankton samples were fixed in 4% formaldehyde.
R E S U LT S Larval development
Pisoides bidentatus hatched as a prezoeal stage, a few minutes before moulting to the first zoeal stage. The development of this species included two zoea and one megalopa. The total time required for larvae to reach the megalopa stage was 9 -13 days at a temperature of 20-228C. The duration of the zoeal stages was 4 -6 days for zoea I and 5 -7 days for zoea II. The body outlines and appendages are illustrated in Figs. 1 -4 . The diagnostic characteristics of each larval stage can be summarized as follows. Only morphological changes are described for the second zoea.
Description-Pisoides bidentatus (A. Milne-Edwards, 1873) First zoea (Fig. 1) Size. CL¼0.74+0.19 mm (0.71 -0.76 mm), DRL¼ 1.48+0.03 mm (1.44 -1.52 mm), N¼10.
Carapace ( Fig. 1A -C) . Dorsal spine long, slightly curved, spinulated, the most numerous spinules are in their middle part. Rostral spine devoid of spinulation, noticeably shorter than dorsal one and shorter than one half length of antenna. Lateral spines absent. Eyes sessile. Two pairs of setae on the surface of carapace, at the base of dorsal spine. Each ventral margin with 5 plumose setae, the first one is densely plumose "anterior seta" (Clark et al., 1998) .
The primary color of live larvae is yellow-orange, the most distinct on the antennae. Two pairs of large black chromatophores are on the lateral sides of the carapace, unpaired black chromatophore clearly visible on the frontal surface of dorsal spine. Black chromatophores are in the central part of abdominal somites 1 -2; small paired dark chromatophores are on the abdominal somites 3 -5 near the posterolateral spines, on ventral surface of the telson and on the basises of maxillipeds II, as shown in the Fig. 1A and I.
Antennule (Fig. 1D) . Uniramous, endopod absent. Exopod unsegmented, with two long and one short terminal aesthetascs, one long and one short setae.
Antenna ( Fig. 1E and E 0 ). Biramous; protopod pointed, slightly longer than exopod, with two rows of sharp spinules in distal part. Endopod as a bud, shorter than one-third length of protopod. Exopod with 2 subterminal nearly equal setae about one-third from tip (the larger is serrulate), and with long spinulated distal process.
Mandible (Fig. 1F ). Asymmetrical; molar process with irregular teeth; incisor process with a large lateral strong tooth and a few small marginal teeth; no palp bud.
Maxillule (Fig. 1G) . Endopod 2-segmented, proximal segment with 1, distal segment with 4 plumodenticulate setae. Coxal endite with 4 marginal and 3 submarginal plumodenticulate setae. Basial endite with 3 marginal plumodenticulate cuspidate setae, 3 submarginal plumodenticulate setae and 1 lateral small plumose seta. Exopod seta absent.
Maxilla (Fig. 1H) . Endopod unsegmented, with 3 -4 plumodenticulate setae. Coxal endite bilobed, each lobe with 4 plumodenticulate setae. Basial endite bilobed, proximal and distal lobe with 5 and 4 plumodenticulate setae, respectively. Scaphognathite with 10 marginal densely plumose setae including distal process.
Maxilliped I (Fig. 1I) . Endopod 5-segmented, setal formula progressing distally 3, 2, 1, 2, 4þ1. Coxa unarmed; basis setal formula progressing distally 2, 2, 2, 3. Exopod 2-segmented, proximal segment unarmed, distal segment with 4 terminal plumose natatory setae. Maxilliped II (Fig. 1J) . Endopod 3-segmented, setal formula progressing distally 0, 1, 2þ2. Coxa unarmed; basis with 3 setae. Exopod 2-segmented, proximal segment unarmed, distal segment with 4 terminal plumose natatory setae.
Maxilliped III. Biramous, poorly developed.
Pereopods. Visible as buds, chela bilobed. Abdomen (Fig. 1K) . Five somites; somite 1 with a pair of dorsomedial sparsely plumose setae; somites 2 -5 each with a pair of posterodorsal simple setae; somite 2 with a pair of dorsolateral processes; somites 2 -5 each with a pair of short posterolateral spines. Pleopods absent. Telson (Fig. 1K) . Bifurcated, spinulated; with a pair of lateral spines; posterior margin with 3þ3 plumodenticulate setae.
Second zoea (Fig. 2) Size. CL¼0.91+0.17 mm (0.89 -0.95 mm), DRL¼ 1.53+0.08 mm (1.43 -1.57 mm), N¼10.
Carapace ( Fig. 2A and B) . Three pairs of setae on the surface of carapace at the base of dorsal spine; each ventral margin with 7 plumose setae. Eyes stalked. Location of chromatophores unchanged.
Antennule (Fig. 2C ). Uniramous, endopod as a bud. Exopod with 6 long and 1 short terminal aesthetascs, 1 long and 1 short setae.
Antenna (Fig. 2D ). Endopod bud reaches one-half length of protopod. Exopod and protopod nearly equal.
Mandible (Fig. 2E) . Palp presents as a bud. Maxillule (Fig. 2F ). Endopod and coxal endite as in zoea I. Basial endite with 5 marginal plumodenticulate cuspidate setae, 3 submarginal plumodenticulate setae and 2 lateral plumose setae. Exopod with 1 densely plumose setae.
Maxilla (Fig. 2G ). Endopod and coxal endite as in zoea I. Basial endite bilobed, each lobe with 5 plumodenticulate setae. Scaphognathite with 20-21 marginal densely plumose setae.
Maxilliped I (Fig. 2H ). Endopod and basis as in zoea I. Coxa with 1 seta. Exopod with 6 terminal plumose natatory setae.
Maxilliped II (Fig. 2I ). Endopod and basis as in zoea I. Coxa unarmed. Exopod with 6 terminal plumose natatory setae.
Maxilliped III (Fig. 2J) . Increased in size. Pereopods (Fig. 2K ). Increased in size, incompletely segmented.
Abdomen ( Fig. 2A and L). The sixth abdominal somite delineated; somites 1 -3 each with a pair of dorsomedial sparsely plumose setae; somites 2 -5 each with a pair of posterodorsal simple setae; somite 2 with a pair of dorsolateral processes; somites 3 -5 each with a pair of short posterolateral spines. Somites 2 -6 with well visible pleopods; pleopods I-IV with endopod buds.
Telson (Fig. 2L ). Unchanged.
Megalopa (Figs. 3 and 4)
Size. CL¼1.11+0.05 mm (1.02 -1.21 mm), N¼10. Carapace ( Fig. 3A and B). Sub-rectangular, with seven tubercles on the surface: elongate anterior, ovoid central, posterior and four lateral. Rostral spine short, recurved. Frontal part of surface covered with five pairs of simple setae as shown in Fig. 3B . One simple setae on each eyes stalk. Posterolateral margins each with 5 -6 plumodenticulate setae.
The primary color of carapace, abdomen and eyes stalks in live larvae is yellow-green, pereopods are redbrown, chelipeds are gaily colored, dactyli of pereopods 2 -5 are nearly colorless. All larval body covered by net of black chromatophores.
Antennule (Fig. 3C) . Peduncle 3-segmented, first segment unarmed, second and third segments each with 1 simple seta. Endopod 2-segmented, proximal segment unarmed, distal segment with 2 terminal and 1 subterminal simple setae. Exopod 3-segmented, first segment unarmed, second segment with 7 aesthetascs and 1 simple seta, third segment with 4 subterminal and 1 terminal aesthetascs (or aesthetasc-like seta).
Antenna (Fig. 3D ). 7-segmented, setal formula progressing distally 3, 1 -2, 2-3, 0, 0, 4 (2 long and two short setae), three long (rarely with 1 additional short seta). The abutment between segments 5 and 6 unclear.
Mandible (Fig. 3E) . Scoop-shaped, cutting edge without teeth; palp well developed, uncompletely 2-segmented, distal segment with 5 -6 plumodenticulate setae.
Maxillule (Fig. 3F ). Endopod unsegmented, with 2 terminal and 1 subterminal simple setae. Coxal endite with 10 plumodenticulate setae. Basial endite with 14 marginal plumodenticulate cuspidate setae and 1 -3 lateral plumose setae. Exopod with 1 plumodenticulate seta.
Maxilla (Fig. 3G) . Endopod unsegmented, unarmed. Coxal endite bilobed, proximal lobe with 6, distal lobe with 3 -4 plumodenticulate setae. Basial endite also bilobed, with 6þ6 plumodenticulate setae. Scaphognathite with 32-36 densely plumose marginal setae and with 3 simple setae on surface.
Maxilliped I (Fig. 4A ). Endopod unsegmented, unarmed. Coxa with 6 plumodenticulate setae; basis with 10-11 plumodenticulate setae. Exopod 2-segmented, proximal segment with 1 plumose ( pappose) seta, distal segment with 4 plumose setae. Epipod with 1 proximal and 5 -9 distal long curved plumodenticulate setae.
Maxilliped II (Fig. 4B) . Endopod 4-segmented, arranged with 0, 1, 3, 6 -7 plumodenticulate setae, respectively. Coxa and basis fused, unarmed. Exopod 2-segmented, proximal segment unarmed, distal segment with 4 plumose setae. Small epipod without setae.
Maxilliped III (Fig. 4C) . Endopod 5-segmented, arranged with 12, 6 -8, 5, 6, 4 -5 plumodenticulate setae, first segment with 5 -7 teeth outside. Coxa and basis fused, with 6 -7 plumodenticulate setae. Exopod 2-segmented, distal segment with 4 -5 terminal reduced plumose setae. Epipod with 2 -3 proximal setae and 6 -7 distal plumodenticulate setae.
Pereopods (Fig. 4D) . Covered by numerous simple setae. Dactyli of pereopods II -V with 2 -3 serrulate setae inside; ischium of pereopod II with a single spine.
Sternum (Fig. 3H) . Projecting anteriorly; anterior sternal segment with 3 pairs of simple setae as illustrated, remaining segments unarmed.
Abdomen (Fig. 3I) . Six somites, proximally to distally with 6, 8, 8, 8, 8 , 2 setae arranged as shown; all setae short, simple, for the exception of 2 pairs of lateral long plumose setae on somite 1 and 1 pair of posterodorsal long simple setae on somite 5.
Pleopods (Fig. 4E-I ). Second to fifth somites with biramous pleopods I -IV, pleopod V on the somite VI uniramous. Endopods of pleopods I-IV with 2 hooks (cincinnuli); pleopod V lacking endopod. Exopods of pleopods I-V with 12, 12, 11-12, 9 -10, 5 long plumose natatory setae.
Telson (Fig. 3I) . Posterior margin rounded, with 1 pair of simple dorsal setae.
Seasonal occurrence of larvae in the plankton
In Vostok Bay, the larvae of Pisoides bidentatus and Pugettia quadridens rarely occurred throughout the entire water area with the maximal density in their north-western range, over depths of 10-16 m. They were found from late June to late October, at water temperatures of 13-218C. The greatest total density of zoea of these two species was noted on 10 August 2002 (3.5 specimens/ m 3 ), at a surface water temperature of 198C, and on 20 September 2002 (2.7 specimens/m 3 ), at a surface water temperatures of 17-188C.
D I S C U S S I O N
Among decapods and especially majoid crabs larval information has been increasingly used for taxonomic and phylogenetic studies as an alternative to adult-based or genetic studies (Kurata, 1969; Rice, 1980 Rice, , 1983 Rice, , 1988 Clark and Webber, 1991; Pohle, 1998, 2003; Pohle and Marques, 2000, 2003; Santana et al., 2003 Santana et al., , 2004a .
Earlier, spider crabs were referred to the family Majidae, comprising up to nine subfamilies based on adult morphology: Inachinae, Inachoidinae, Tychinae, Epialtinae, Pisinae, Majinae, Mithracinae, Oregoniinae and Planoterginae (Pohle and Marques, 2000) . However, other authors (e.g. Clark and Webber, 1991; Martin and Davis, 2001 ) have elevated most of the subfamilies to families and raised the majids to a superfamily status . The large superfamily Majoidea comprises about 800 species assigned to more than 150 genera (Rice, 1988) . All majoid zoea are well distinguishable from most brachyuran larvae in having only two zoeal stages, with at least nine marginal setae on the scaphognathite in the first zoea, and with welldeveloped pleopods in the second zoea (Rice, 1980) . The loss of lateral spines is a synapomorphy for most families except for Oregoniidae (Pohle and Marques, 2000) .
Comparison of Pisoides bidentatus with previous descriptions of Pugettia species
Pisoides bidentatus and Pugettia quadridens examined in this work now belong to different families (Pisidae and Epialtidae) or at least to different subfamilies. However, the detailed comparison of the larvae of both species led to surprising results. It was found that zoea I and zoea II of P. bidentatus are identical to those of Pugettia quadridens, with the exception of a more intensive coloration of the latter (Tables I and II) . Some differences appear only in the megalopal stage. Megalopae of these species differ in the setation of the antennular exopod, antenna, coxal and basial endites of maxillule, basial endite of maxilla and the coxa of the first maxilliped (Table III) . Central tubercule on the megalopal carapace in P. bidentatus is more elevated than those in Pugettia quadridens (Fig. 5) . However, the listed distinctive features are the same that the noted distinctions between the megalopae of different Pugettia species and are probably specific characters.
The larvae of P. bidentatus are also very similar to other Pugettia species-P. insica (Kurata, 1969; Terada, 1981) , P. intermedia (Terada, 1981; Ko and Hwang, 1997; Ko, 1998) , P. marissinica (Ko and Hwang, 1997; Ko, 1998) and P. similis (Terada, 1981) . Pisoides bidentatus shares with epialtids the following morphological characters summarized by Ko for the first zoea (Ko, 1998) : the lateral carapace spines are absent; the ventral carapace margin has one anterior and four posterior setae; the exopod of the antenna is equal to the protopod with two unequal subterminal setae; the proximal segment of the endopod of the maxillule has a seta; the coxal and basial endites of the maxillule both have seven setae; the basial endite of the maxilla has nine setae; the setation of the endopod and basis of the first maxilliped as 3, 2, 1, 2, 1 subterminalþ4 terminal and 2, 2, 2, 3; the setation of the endopod and basis of the second maxilliped as 0, 1, 4 and 1, 1, 1; the abdominal somite 1 with one pair of dorsomedial setae; dorsolateral processes present only on the abdominal somite 2; each fork of the telson is spinulated, with 1 lateral spine.
The most complete analysis of zoeal and megalopal features of 15 epialtid species among seven genera including Pugettia was carried out by Pohle and Marques . According to this review, the larvae of P. bidentatus possess the following additional epialtid characters. In the first zoea, the endopod of the maxillule 2-segmented; the basial endite of the maxilla bilobed; the endopod of the maxilla with four setae (three to five among epialtids, four in Pugettia species); 10 densely plumose setae on the scaphognathite margin, in addition to a separate plumose process (9 -13 plumose setae among epialtids); the terminal segment of the endopod of the first maxilliped with a thickened subterminal seta similar to a spine. In the second zoea, the somite 1 -3 each with a pair of dorsomedial setae. In the megalopa, the dorsal spine as a tubercle; the antenna 7-segmented; a sharp spine on the second pereopod.
Comparison of Pisoides bidentatus with previous descriptions of Pisoides species
As mentioned earlier, larval information is available for only two Pisoides species-P. edwardsi (Fagetti, 1969) and P. ortmanni (Kurata, 1969; Terada, 1983) . Like Santana et al. (Santana et al., 2004a) , we included in our comparative analysis only the larvae of P. edwardsi; the incomplete description of P. ortmanni was not used. We expected that the description of the larvae of another Pisoides species should facilitate the identification of this genus; however, it was found that the larvae of P. bidentatus and P. edwardsi have many differences. Zoea of both species differ in a number of setae along the carapace ventral margins and in the setal formulae of the antennule, maxilla, coxal endite and the endopod of the maxillule; in P. edwardsi antennal exopod protopod, whereas in P. bidentatus and other Pugettia species antennal exopod protopod (Tables I and II ). In the megalopa, the rostral spine in P. edwardsi is of medium length, whereas in P. bidentatus it is short (Table III) . The setal formula of the antennular exopod in the megalopa of P. bidentatus is closer to those of Pugettia species then to those of P. edwardsi. In the larvae of Pisoides bidentatus, the epipod on the second maxilliped is small and unarmed, whereas the epipod in the larvae of P. edwardsi is completely developed.
The larval characters of the Pisidae were defined earlier by Ingle (Ingle, 1979) . Recently, Santana et al. (Santana et al., 2004a) summarized larval feature of 28 pisid species among 14 genera including genus Pisoides. According to this review, the first zoea of Pisoides has a characteristic number of setae on the coxal endite of the maxillule (8) and on the endopod of the second maxilliped (1, 1, 4). Our data show that P. bidentatus has only 7 setae on the coxal endite of the maxillule and 0, 1, 4 setae on the endopod of the second maxilliped (as all Pugettia species). In the second zoea, the distinctive character of the genus Pisoides is the abdominal setation, but all Pugettia species have the same setation. In the megalopa, the distinctive characters of Pisoides species are the presence of segmentation on the endopod of the maxillule (in P. bidentatus the endopod is unsegmented as in all Pugettia species) and 3 setae on the coxa of the third maxilliped (P. bidentatus has 6 -7 setae as all Pugettia species). So, according to larval evidence, Pisoides bidentatus appears more closely related to Pugettia, than to Pisoides. Ko (Ko, 1998) and Terada (Terada, 1983) noted that P. ortmanni may also be placed near Pugettia, based on the similarities of their zoeas. Kurata (Kurata, 1969) considered Pugettia and Pisoides within a single phylogenetic line. A comparative analysis of Santana et al. (Santana et al., 2004a) indicated substantial heterogeneity of the Pisidae and did not show single or several apparent larval characters differentiating this group. Phylogenetic investigations showed no larval support for the monophyly of the Pisidae and suggested that it is a paraphyletic group (Pohle and Marques, 2000; Marques and Pohle, 2003) . Earlier Griffin and Tranter (Griffin and Tranter, 1986 ) using adult evidence stated that two distinct genera may be warranted for the genus Pisoides.
Comparison of Pisoides bidentatus with previous descriptions of Doclea species
Doclea orientalis Miers, 1879 and D. bidentata, Orthmann, 1894 are junior synonyms of P. bidentatus (Miyake, 1998), so we included one of the species of this genus, D. muricata (Fabricius, 1787), in the comparative analysis of larval features (after Krishnan and Kannupandi, 1987) . The differences between the larvae of Doclea and both Pisoides and Pugettia genera are most noticeable. Zoea of D. muricata (Krishnan and Kannupandi, 1987 ) have a very short rostral spine and a smooth furca without lateral spines, whereas the rostral spine in Pugettia and Pisoides is longer, each fork has one spine and numerous denticles. Furthermore, Doclea larvae have less number of setae on the coxal and basial endites of the maxillula and maxilla, on the basis and endopod of the first maxilliped, greater number of setae on the scaphognathite of the maxilla, on the basis of the second maxilliped (Tables I and II) . Numerous differences are also noted in the megalopal setation formula (Table III) . So, larval data support the classification of P. bidentatus within the genus Pisoides rather than as a Doclea. Some of the named Doclea features (the length of the rostrum and unarmed furca) are probably generic characters.
Thus, the new data described here revealed that the larvae of two described Pisoides species differ in numerous characters whereas zoea of P. bidentatus and Pugettia quadridens belonging to different families are nearly identical. According to the larval characters these two species should be assigned to one genus. The larval data lend support to revision of the taxonomic position of P. bidentatus. Molecular approaches are now required to give further insight.
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